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^ The present invenUnn 

^ V elop men tar n L S fe Ca 0 n y ^J r0 ^ 9ated thr ^ h their two 
s vegetative,. ln the " egetat ^ e °* the asexual (or 

Propagation are usuall v ^ P selected for 

new Plant by t^L^T' ^ ««* 

an extension of V h « d cQnsidered to 

10 M «hods available for " CeX1 lln * °* ™« individual. 
Propa gation) are large^n t ^ ""-re- 
developed £or convenTiona! «*— ion of those already 
Propagation, . Ventl ° nal Propagation (macro- 

The methods thaf = >-^ ^ 
15 f» — ^gating Plants t^lT^" 1 ^ -liable 
the multipli cation of B ^~ff ar£ ess -ntiall y based on 
formation o£ ^nt^ llllT ^ °" ^ 

somatic embryos. These oron ° n tHe Nation of 

Meetly from the oJgC e " "* " th - 
20 unorganised cells such as in " ™ ^""ly £r o m 

cuitures. " ln Callus °r cell suspension 

proceed .ivziTirz z? p ? pagated pi ™° •« 

axillary buds . NevertL less " ° f SWts ^- 

« and/or plantlets do „ "^.T" 6 " ™ b ^». ^oots 

For exam ple . in shoQt ~«»«t. in a single „ ay 

there are so me time s 3Xilla ^ ^oots. 

°n listing leave or st " f °™ d Erectly 

Erectly £rom cauj ^oots arising 

Considering the k °' eXplanc - 
-nation is fa^^^""-' 
Plants even through nJtipL" aMOT9 "grated 
axillary buds which " ltlpl "- t »» °* shoots from 
— ce £or plant lie C ° nSldered «■ the most stable 
35 -Itures. shoo" ^"^ion . ln such mixed 

Arable heca^e" ° ^ "°" ~ - 

Particularly i^portan th ' ariati ° n ' TWs is 

— ale program. T T * 3 

Aej • Ir » order to 
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Phytonormones for p lant mloro D ! 0 ° f 
growth and proliferation ot J 1: PagaClon Purposes. Th e 
cultures i. usually p^^/l 111 ^ Sh °° ts - ^oot 
regulators into the „.„..._ * lncor P°« tl „g 

growth 

" Plant species. usuaXly " ° - the 

appropriate ^^JIT^ 

S-h treatments ^"^T"^^^ •« used, 
apica! meristems so that ll n ^ d °" ,in «« of 

These shoots are used as " * ^ «• Produced. 

" »«ltipi icatlon 33 ■»«*.«. cuttings f or plant 

The cytokinin growth , 
culture media to promote Iniarv h 0 " " Sh °~ 

"hibit root fetation. ZllljZ 9 ^ "-"v 

"»ved to a different nediul f S1 " 9le s »>oots mU st be 

2 ° O—r-ny med iu m conLL 

transferred as ^r^^ 1 "' 
environment. The axillar! ^ the eternal 

a sequence of steps ^ ^ thus requires 

Nowadays ther 
5 consider that exooenovJ " ^ lnCreased tendency to 

— is 9enera ;:rr ied synthet±c 

features (side ef£ cause many abnormal 

-Men typical" fai T t : 5 of emall 

unusual leave shapes and elon ^te, induction of 

cyto Wni ; s %tt al T; il? bi r ncentrationE of u — i 

'-mation and also l^TlZ de lay root 

•«•«. of auxins on" ^T, ^ a '^ h — the p romo ti ng 
frequently more than ° ^""tion. In this re 

-thin th e tisaues » tl1 'he leva! of cytok ini „ 



-- 9ng» 3WI1 miHd 



WO 98/36635 



10 



15 



25 



PCT/EP98/01117 

3 

Considering these aspects ^ ■ 
-possible to propagate par ticular , furthm »~ 
™ -i-e to such ^xT^ ~" — . ■ 
« is thus the obiect „r tu 
5 Provide an alternative ^J*" ° f the "««•« Invention to 

r ^n;:;: method with whi - 

obviated. S of th ^ known methods are 

*« ^-"^Te;;/^^"" 0 ; " "as surprising!, 
^cotviedonou, plants y £ X £.*" h •» ed on 

organise or by treatment wi th \ " —ticulsr -icro- 

. ™~r 0 - 0I3aniamB or de w : v h e n: tanc r ^ 

Seated tlssue (so-called fa S e infe " ed a " d /°r 

insist of multiple meri fif £aSClatl °"' - and which 
Primordia that are s7Z 7" and sh °« 

-enent starting ^fT '^""n. •» an 

"° aPiCal finance phenomena"" 0 ^ 93 " 0 "- In a *■» 
formation of numerous pri! ! eVlde0t and the 

-Action process. ^ e gaal " the 

shoot Primordia that 9 * l * " fact a l arge mass o£ 
infected by the ^ro-^ZZ ^ - that are 

-tabolites are present thL Ire 93118 SPSCific 

establishment and the „, "volved i„ the 

structure. ^ """Penance of the l eafy gall 

j:^::::^:^^ ^ th . t 

"during micro-organisms lnfeCtlon ^ fasciation- 

-rphologv th a n tZ ZVl^™** ^ 3 

*»~ in diC ot y iedonous P la;r: a b r ^ 9alU "»< 3 ~ 

-vera! elongated shoots Thl! ^ f0n -"« «* 

structures are useful in ^ """"t elongated shoot 

be further identifLd as' h °' ^ T*""™ ™ 
"» -xoot structures are called ° Ut ^ ■ "hereas 

*P»rt form ,„„ leaf V Sails". 

Resents a centTr of — • * gall 

"-teri ura suppresses t ^««» inhibition where the 

- - -~n~ : t f ed th :n p :r dia in 

an the apparent 
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lack of apical dominance th af 

*«»t primordi a from the "V,. ^ ° Ut ^-th of distincc 

«» be considered as a hi!hl ^ AS ^ "ch 

* -*U«.« production o f pt r r ;r de " S - P*- where C L 
*• as axillary- ar / rim ° rdla and meristems ± 

and api "l dominance. ^ elongation processes 

la f e of shoot prilrdia ^ <* 

m and Sma11 "-«ure. t4 are a is 0 C ° n£ined C ° * =~ 
Mterial f « ^asm storage * ^ 

Preparation of sta«T ' mSth ° d '« «*• - 

"—propagation and/or st -" tePU1 - 

SC °"^ «* g =™ Pl a sn ,. comprisins 

20 organism th « "f"" 9 material wich , „. 

<-nac induces fascial- micro- 
^sciatio n - induci f „ e ^''"» «W« one or more 
organism, or derived from th ^ th * -icro- 

tissue.- mfcted and /or fascial 

» - — ma^e"::"::: 3 ^ ~ «"« outgrows on 

c ) isolating thf> i^,* 
a = *>» -ar t i ng materials ^ 9a " S » o 0tgro „ 9 

This method of hh a ■ 
incorporated in . mechod J'»_»v«.tio» may then be 

rL 9 ^ 1513 ^ St °^- «Ject" r r r ° Pa9aCi - « a method 

micropropagation of pla T " ^ «» « 

oascrrbed method for the prl C °* P " e " <*• above ~ 
-^.1. ^rther °' 

3S organism £ " 

'-^--^sr^ -/« - : n :rmore 

organism or derived fro^t,, ^ tha 

t.ssue,. «» infected and /or fascUted 
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e) culturing the leafy Q all ^ v, ^ 
m or on one or more suit.hio , Sh ° 0t ° ut 9rows 

further shoot and 3 & ^ 

Plantlets, and deve l°P™ent for obtaining 

Edition, to obtain r^ ra ^^^"~l -wing 

A method for n,. 
9 e™ plasn compriaeB ^ h ^" =rVaCio " <* P^n ts or 
L° ^«in 3 materia furt e h ^ th ° d «« prep a r a tio„ of 
Coring the lea ^"cterised by che 

comprise low temperatures 1 " ,ltXn9 "-UtionB may 

Both methods ar<= »- a 1 

an Si o ep e rms . but alsQ on ^-Me on 

ba «=r ium 8hada c secua , or 9«>«"> is the G ra m positive 

"odar ski & williams ^ PuW^hed: Ooodf.Uo... 

Ac ad e mic Press London p 7^°°^ ° f A«in 0n ,ycetes, 

P-bliction Q oo« ello ; 1984) >- 'Active 

Corynebacterium f as=i Reclas ^fi«tion of 

* — £ , a : -r-' - «- —3 

*PP1. Microbiol. 5 225 229 ^ "° V " SyStem - 

<1936,; ° r a^Mi^teriuT;,: R6S - 3 "- 394 

ln ^^I7T a ^ e \^\"° Ca d rdi °'°™ Actino^ycete that 
"■onocotyledonous pl I n J d "^yledonou s and 

^- ry a b:: a : f ^tr: s f r at can be in£e " ed * ^ 

- serous planc fj , m h d '»— -P-ci.. b e!on g i ng 
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Infection of 3 „ • 
- -hieved by vacuum in PW can for example 

^pensions of the caet^! " ° f pl * nc s with 

t-cteri.! CUIture »■ ^Plication of . dense 

5 efficient. by * « "-nd sur£ace Qr _ 

r:r h substrate o f p th y e a P t: s n9 or bacteria * the 

Furthermore, R . ra * J "' ° r Sh ° ot °utgro„ s 

"- ue r^nf c.u cultures and 

The role of * fa * Mhl00 - 
suppre asion Q£ elongatioTfnft^ " »*»—»« of 

" by killing Q( ^ finance can fce 

"rough a treatment with V in the gall 

— e„ icilain , .riacenL^rfr 1 ^ 1 *uc h a s 

<*tache d galls on « «- Claforan. Orowth of 

—iWon of bactericiaai «- 
20 Con «"«tion of 500 mg/ V mP ° UndS to «- 

Primoraia from ^heT " 1 — « », the 

-Uin 9 in the Qu " ^""^ suppression. 

T f h 7 9a " that ^nT": indE — -t sh oot s 

« - d r a°r°" w n h 9 ^ f -"^atea by Pr t°re U I:. rOOC " 

aarfc where the x ^ treating the gall . . 

E a y ch eti : lati ° n - - ae e oVT 3 ^ 

in tK ° C bB C «-ferre d to 

" °« «* a fertliV;:::^" mSdi ™ 

se] _. e also suitable for- u- ^^atic plants. 

CleCtl0n Purposes. ^ blo ^em ical or 
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monocotyledonous plants Thp fa ^« 

*«. pro ducts of l 9 : ne r „::^ ;■ <~ be 

-oo kb large linear p ^ 1 D d 1 ;; th t - — - a 

:7r ^ ..... ^ and p ^ru: : e a L ri :: afy 

locus results in hyper fa ^ ^ ^ in th « 

formation of larger aalL faSClation < fading to the 
15 a 9 9alls com Pared to wild type 

Apart from pPiDl88 e JJ e " 

Senes in the bacterid are involved ^ in the ect 

<* different dose, of seve 3PPliCati - 
nevertheless clearlv d " cyt ° kl "^=. they are 

« presence of no^eloLat ^ UtC " ^ «« 

— ntly -^r^r~'^r r nce of 

"as corrected „ ith the preS ence OI " P °" S "•»" ^Ui„ g 
in the growth m ediu m of R T s cytokine 
.-tioned by oppo Si „: r f^f^ been 
30 substantiated h„ ^ esuIc s. This ls further 

(1992)) cured for P FiD188 

3= an aae„o A 3 ^lXl r ! SUltS ^ " "» ~ «* 
no m o log ou s 3 e„TL r° Pentenyl "«*> 

invoked in the ° n P P1D18 « that would be 

»«. :r: of cytokinins «= 

J"B*>. the present results question the 
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unique involvement of the i„> v, , 
biosynthesis of reau , ^ homal °9n S in the 

^enine or .Jil TnTJT^ ^ 

the production and secretion^ ^ " inv °lved i n 
S -opent enylated molecules t h ^ " 

This uas c jTrZ: b ;\:i tec \ th ° pi * ats h — 

Preliminary chemical an.? «°l«tion and 

Products and fits with ° f ° ne ^ dependent 

^entity between the fas ° Vera11 ^ ^ 
™ regular isopentenyl *»' and 

-lated gene, the fL w Pr ° tei " S ' Af>art f ™ 
on the basis ot felenT V""^ r " X 9en « 
Seated in cytoch^^^^* 

S-Adenosyl Methionine depend ^ ^ and 

" <* ' —ivaoly. che f l e ~t'" eth> ' lati ° n 
High expression of the f»= , 
bacterium -as measured by tr ansft ^ 
assays- ia , t contLlleTL: i0nal ^ 

consistently achieved in h., u ° nly b = 

>° Eduction mediu.. such as ^xn ^ * "<-<» 

adding 20.S ml o. 1M citra^ T W 
'» «0 ml destuied 1 ter an d d " ' ' ^ 
and cooli„ g 500„1 1% (w/vWh- 9 aft " Slaving 

" extracts or' hi ^^^ of either 

«*o» sources such as pyr " " ith Particular 

^acts cannot induce faf" e SUCCi "*te. Plant ex- 

tracts contain a specfffc \ h "'""^ b " gall «. 
-oLcul. is present in all ■ ™is inducer 

30 ° f Cerent pi n an tl\l* U C — ^rmed on a wh ole 

-Pression i„ mini ^ ToLZrll ^ " 
Production of this mm T ""^ "^"hermore, 

-» —res coX: r r t n r- in tobacc ° °- 

"hue this was noc the '" Uua,, wild type cel 

5 cuitures « ^teri a r eu r tur n e o r in£ected piant ~» 

-e-tran^i^r/Teti" " 1 " ly •* the 

activity of the ^ el ; ' ^«V through the 
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helicase. -™- - yene encoding an RNA- 

Confrontation of by- ? i-„k 
5 synchronized for mlt „„- ° b " :co cel1 culture 

-—r 0£ tobacco cel ;: i ::: c i : n ™:v ncrease of the 

mitosis upon relieve of th„ lrSC round ° £ 

absent when the to ^Z ^ """" **■ effect is 

10 — ^-iatina strain nu^T^T™?^ 

strains. Wlth fas mutant \ 

Proved difficult to ^ t 188 ' 5 9r °" n for £M induction 
» background levelE of r ^ »f M 9 h 

ins att locus comprises a ?n tv, 
PFXD188, l inked tQ " 20 Kb region of 

= 0 presence of several genff thaT' -*" nCln » sh °»<* the 
synthesis and secretion V "™ lnV ° 1Ved ln Ch * 

Apart ^^V-»S^^«t™£™ 
the locus caries ^ ^ ^"^^ 
biosynthesis and n,odif i C a tl o! "T/ 1 * 110 "-" - the 
» — ules and a gene reT ^"t^ p^ "—d 
Expression of the att 1„ Pr ° Celn 9eneB ' 

regulated with the fa, l " Plrtia "y «>- 

—le in def^ 1 ::::: :r::r n of gus f — - 

extracts or of histidin- ■ Presence of gall 

- -non sources "T^" » 

3-e. „ OW ever. an independent """^ «* th. ^ 

specific regulatory g J regulation through an att 
-~by the expression of ftfattt P ° StUl «^ here 
enhanced by the fa sR „„ . 9<!ne is itself 

"sing ^L^L a"?" 0 "" *° PW 
-e the induced accu^ ^nThe" 3Cetate ' ^ 

Dle * «»£ the 8ame "c-laben d h "^^ ° £ »* 
compounds „ as evident u,in ' ^ indent 

u slng thln layer chromatography _ 
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Paving the incorporat " 

complex, secreted compoun J £ ^ h substrates in 

High Pressure Li I * S t " " ere is ol«ed through 

5 «-*le, a mol * 2 «»»>«ceo can cultures. as 

Elated. 3 mDle ™lar „ eight of m 

The products of the att 1„ 
-volved in the forma ^J*™ a ~ P*My 

the l0CUB as l^H^y ^ cognation 

that the att and locl „ 13 als ° conceivable 

delation. 9lC type ° £ "^lecules that provoke 

» o„ ^ — 1001 

™e loC us probaWy n e" a ^ va r rmaCi0n ° f gall*. 

th. and ^ expreLioTt^r H COntr ° 1S «*™"*o» of 

°» the mRNA . purther do t2 tr Zr hellCaSe 

iocus has been lsQlated of the ^ locup ' 

20 ^ of which Shld the""" 31 

^gopeptide synthetic oeneT PreSEnCe ° f 

Molecular anal ysis of t . 
"fected tobacco plant, . Sene e *P«ssion in 

sho „ed the lnd 9 -"Play 
" "ho-ing ho mology to 9enes U ° f t geM 

elUns and sterol ""^ ^ — bol ism of 
-e showing ho mol og y to ol I " "» «P~«io- of a 

Tnese results 9 [ C ° ^peptide receptor pro t e i ns . 

meeting bact eria Ld th in£luen « of the 

« balances of different Pr ° dUCtS °" ^ 

»» -Action of m erist e : an r° Wth *» 

The f orma tio n of a Teaf rim0rdlUm f ° rmati ° n - 
«sn a iu ng b ich Afferent l eveas of 

" b — ^sciatic! ^ gene"":!" d^ » ° f ^ 

» to . =- W ., 9 r ^ 1 X te * 0n "».r Piasn.id 

«» invol vem ent of a g,!^.""' "^-tel y implies 
^Pendent induction of the at Tall *~* 
att and fas genes 
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tissues. The fas an H of-- ^ plant 

steroid type °< ^boereilins. 

the plant. This unio,,. P° s sibly oligopeptides of 

10 infection 7 ^ r eS p 0nae of the plant to 
fascial T Pa " icUl - PTPP-rti.. of L 

^Ze„ a : al ": 0 derived products in ^ 

Sail synd^e fr L o th eTneop last "^^ ^ ^ 

in d u=eT g Il llng or" 0 " 

constitutes TeTe^' " ^ ^ «»* • -11 

products or- o ... ^ Product, the att 

^htir:-:^: r: possibiy 

cliff erenr l «~ ■ 1Ch xs determined by 

T h = rid : e :r: ~ rr is r or on the tac — 

* pri-or^Uu- and ™e rl s aC " Va "° n 3 " d ^regulation of 
tissues -the gaU j£ ^ ™ -Ult " ln d — 

leafiets M 1!h t " Ultim "^y ^vered with 

a« covered wifh e f let "ho" r" °' " L ™«* ^ 

f — — c £ p hy uo:::L accordin9 to the 
it :::iz:i^::^ f — 

that can be used to inn « 7 3 COmpIex of Actors 

t- bacteria JY^ri'*" 1 " 100 

—prises at least the f C ° mPleX ° f fa "° rS 

Products and in Ldit *** th * **t 

the PHM J p 8 2 lUn ° ther P»*«. -coded by 
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The unique property of EL_£a MaUn s to amplify 
shoot primordium formation through the modulation of 
specific hormone balances in a broad spectrum of plants 

s useful for the establishment of a regeneration program 
for . d verse range of plants as will be illustrated L 
the follo„ ln g examples. Infection of plants with R 
^ leadE tQ the ^ amplification of s hoor 

growth ; r mbined W±th 3 «* *«ther Sh oot 

growth and development. Dpon amplification, primordia can 
10 be released from the suppressive effects of If^ans 
filling of the bacteria. This can be achie^T" 

bactericides li ke penicillins. Any other treatmenc of f 
the galls that will klll the inciting bacter 
5 harming the plant tissue can be envisioned here. 

As a result, from the gall tissues shoots will 

Z21T can be detached and that wi " 

Th effect 9 " 1 " 3 " n ° rma1 ' P^nts. 

This effect » even more dramatic when the galls are 
0 treated in the dar*. where the release of shoots is 

accompanied by etiolation, producing masses of elongated 
sprouts that can be propagated to a normal plant 

leafy galTs" ^ «<«— applied to 
5 Artemisia " teUm ^»' EMMme^ni^. 
te^mi^M^. yia^j^aaoculata, Atrooa 
SeebaEia -^t ia ta and Digits. 

required? 6 Fi9UrE ™ Sh °" ln ^ the "«=-P- 

" £ ° r — P-Pagation using either classical 
procedure or Rhodocon rns f,„^.„. 

This invention as described here will be further 
.nustrated in the following espies. 
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EXAMPLES 
EXAMPLE 1 

Regeneration of n1nnts flrnm 1tt .« y qa11g ^ _ rious n1ant / 
s BP^ciea- induced by Rhndomnn. p f =,0^ 

1. General methnH 

The following method is applicable to plant 
species in general. In these examples the plant species 
Nicotiana tahamm , Paoaver *om^ f ^ Artemisia annu„ 
10 V.qna unq ,Hr,,l ara „ Atropa bel] adona, Sesfaani, rn ^ T ^J 
and Digital i s lanata were used. 

1-1. Bacterial strain 

Rhodoccocus faag y^o ^ rn j n Dl88 or other 
15 virulent strains are cultured in solid or liquid 
conventional bacteria medium or a recommended one 
containing: Glucose (10 g/1) , Yeast extract (5 g/1) 
Peptone (5 g/1, , Agar (15 g/1) , distilled water 

PH adjusted to 7 . o . The cultures are then incubated in 
40 the dark at 25°C. 

1-2. Plant material 

Selected plant species are used for the 
propagation purposes. After surface desinfection of the 
25 explants (for example: cutting consisting of stem 

mternode fragments with axillary buds) using appropriate 
reagents known in the art, the explant is transferred to 
AILvxtr^ culture condition using conventional tissue 
culture medium such as the well-known basal Murashige and 
Skoog medium (Physiol. Plant. 15, 473-497) or Gamborg 
medxum (Gamborg, o.L. et al . , Ex. Cell. Res . 5 0 151 



30 



1.3. Infection procedure 

35 faaf 3XeniC eXplant is Erectly infected with the 

fast gro„ lng bacteria or infected under vacuum. All 
other method o£ infection which make close contact of the 
bacteria and the plant tissue or ceils are a!so suitable. 
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^ case of S esbania ro^r ata, cotyledonous explants were 
used for direct infection with Rhodococcus_f^scians 
Preferably wounded cotyledons were used for this 
infection in order to obtain a more efficient infecti 



.on . 



1.4. Incubation of the infected explant 

are i confining the infected plant material 

are xncubated in the room culture at 2 3 o C . Depending on 

10 3 I T SPeCiSS ' 93113 Came t ° be after 

10 3-4 weeks of incubation. 

2. Regeneration of plants Leafy galls structure 
2.1. General procedure 

The leafy galls are first isolated from the 
15 original explants. Then they are subculture* in a 

hormone-free conventional plant ti ssue culture medium 
additionated with bactericide reagent such as Claforan at 
final concentration of 500 mg/1. The cultures are 
Preferably incubated in the dart at appropriate 
emperature (depending on the plant species, for example 
C for Papaveraceae species,- 23-c for Solanacaea 
species) . 



2.2. Results 

" t« ar ^ ^ COndition ™-bined »ith the antibiotic 
shoo 1 lmPr ° Ve Sh °° C elo "9 a "°n- The etiolated 

ree cult SUb ^« ed * hormone- 

free culture medium and incubated in light oondition. 

30 IncubT lntenSiCy SS Wel1 »• ^e temperature of 
30 ancubat.cn are selected according to the specific 

:~ nt f, eaCh Plant SPSCleS Und " investigation. 
After severa! days of cultures, spontaneous root 
appeared, and thus plantlet are recovered 

exogenous c^^"""" 1 <™<«°n -thod (using 
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Using common method for acclimatization, these 
new regenerated plantlets awe successfully transferred to 
the green house. 

Quantitative and qualitative analysis of 

i cardenolides in the new regenerated plants showed a 
distribution quite similar to that of the mother plant. 
In addition the morphological traits of these new 
regenerated plants are similar to those of the mother 
plant, indicating a reduced variability as compared to 

) the classical micropropagation technique. 

EXAMPLE 2 

Germp lasm storage 
1. Short-term conservafinn 
' The leafy galls containing the bacteria are 

isolated from the original explant then subcultured in a 
conventional plant tissue culture medium with reduced 
sugar concentration (15g/l of sucrose) . After one week of 
culture at 20°C, the culture containers are transferred 
to 4°C under dark condition. In such conditions the 
capability of the shoots to develop (after bactericide 
treatment) is maintained for 1-2 years. 

2^ — Long t erm conservation 

The well established procedure for cryo- 
conservation using liquid nitrogen is also convenient for 
the leafy gall structure (George . E . F . , in: Plant 
Propagation by Tissue Culture, Part I, George Edwin F. 
(Ed.), Exegetics Ltd, Edington, Wilts, England, pp. 163- 
181 (1993) ) . 



